INTRODUCTION
============

Graves\' disease (GD) is an autoimmune thyroid disorder caused by antibodies stimulating the thyrotropin (TSH) receptor on thyroid follicular cells \[[@B1]\]. One standard treatment for GD includes antithyroid drugs (ATD) usage for 12 to 18 months course \[[@B2]\]. This offers the possibility of disease remission without post-interventional hypothyroidism. However, risk for relapse is high and patients may experience side effects \[[@B2]\].

ATD may also have immunomodulating effects associated with normalization of TSH receptor antibody (TRAb) levels over time, which is potentially important in mediating remissions after therapy \[[@B3]\]. In addition, thyroid peroxidase antibody (TPOAb) or thyroglobulin antibody (TgAb) changes during ATD treatment also had been reported \[[@B4]\]. The remission rate varies among ethnicities and geographic areas \[[@B5]\]. In patients with normalized TRAb, relapse rates are 20% to 30% over 3 to 5 years of follow-up \[[@B1]\]. Overall, the risk of relapse after a 1 to 2 year course of ATD therapy is around 50% \[[@B6][@B7]\].

Some previously identified predictors of relapse are younger age, larger goiters, smoking, male sex, severe hyperthyroidism, higher concentration of antibodies, and presence of Graves\' ophthalmopathy \[[@B2][@B7][@B8][@B9]\]. The usefulness of TRAb measurement at the time of ATD withdrawal for predicting a later relapse of hyperthyroidism has been studied intensively \[[@B10][@B11][@B12][@B13]\]. However, the effect of TPOAb or TgAb on the course of GD after ATD withdrawal remains unclear.

The aim of this study was to investigate the effect of autoimmune antibodies on risk of GD relapse in patients who underwent ATD treatment.

METHODS
=======

Subjects
--------

This retrospective study enrolled patients with GD who were treated with ATD between 2009 and 2017 at Hallym University Dongtan Sacred Heart Hospital and Hallym University Kangnam Sacred Heart Hospital, Korea. A total of 55 patients with newly diagnosed GD were enrolled. GD was diagnosed on the basis of medical history, clinical findings, serum thyroid hormone levels, serum TRAb titer, and increased thyroidal 99m-technetium uptake \[[@B14]\]. Clinical characteristics and autoantibody status were evaluated at the time of diagnosis and at the time of ATD withdrawal. Patients treated with methimazole or carbimazole were analyzed together. The study was approved by the Institutional Review Board of Hallym Sacred Heart Hospital, Korea (IRB No. 2018-04-015). The IRB approved the waiver of informed consent.

Definition
----------

ATD therapy was administered using a dose titrating regimens. ATD was withdrawn when TSH, free thyroxine (T4), and TRAb were normalized for 6 months period. If TRAb have not reached normal range, ATD was withdrawn when euthyroid state was maintained over 6 months with the minimum maintenance dose of ATDs (1 tablet or less in a day of each drug \[methimazole 5 mg, carbimazole 5 mg, and propylthiouracil 50 mg\]). Remission was defined as euthyroid status for more than 6 months after ATD withdrawal. Recurrence was defined as reappearance of hyperthyroidism (including subclinical) with or without increasing TRAb.

Laboratory measurements
-----------------------

Thyroid function tests were measured with an automated direct chemiluminescent method (Advia Centaur XP, Siemens Healthcare Diagnostics, Munich, Germany; normal range: TSH 0.55 to 4.78 µIU/mL, free T4 0.89 to 1.76 ng/dL, and total triiodothyronine \[T3\] 60 to 181 ng/dL). Thyroid autoantibody assays were also performed by an automated chemiluminescent method (Liaison XL, DiaSorin, Saluggia, Italy; normal range: TRAb 0 to 1.75 IU/L, TPOAb 0 to 60 U/mL, and TgAb 0 to 100 IU/mL).

TRAb, TPOAb, and TgAb were measured at the initial diagnosis and at the time of ATD withdrawal.

Statistical analyses
--------------------

R version 3.0 and R libraries prodlim, car, Cairo, and survival were used to analyze data and draw graphs (R Foundation for Statistical Computing, Vienna, Austria, <https://www.r-project.org/>). Continuous variables are presented as medians with interquartile ranges (IQRs). Categorical variables are presented as numbers with percentages. The Student\'s *t* test or Wilcoxon rank-sum test was used to compare continuous variables. The chi-square test or Fisher\'s exact test was used to compare categorical variables. Survival curves were constructed using the Kaplan-Meier method, and the log-rank test was used to evaluate differences in survival between groups. A Cox proportional hazards model with and 95% confidence intervals (CIs) was used to evaluate the risk of recurrence. All *P* values were 2-sided, and *P*\<0.05 was considered statistically significant.

RESULTS
=======

Baseline characteristics and evolution of autoantibodies
--------------------------------------------------------

This retrospective study initially screened patients with TRAb, TPOAb, and TgAb measured simultaneously at the time of diagnosis and, if possible, at the time of ATD withdrawal. A total of 108 patients were screened. Among them, only newly diagnosed patients were enrolled (*n*=103). Patients who could not stop ATD (*n*=6) or who were lost before ATD withdrawal (*n*=9) were excluded. And those who did not reached 6 months after ATD withdrawal (*n*=11) or recurred in less than 6 months (*n*=22) were also excluded. Finally, a total of 55 subjects were enrolled for this study. The mean age was 49.7 years, and 39 patients (70.9%) were female. Thyroid function tests and the prevalence of each autoantibody are summarized in [Table 1](#T1){ref-type="table"} according to time point in the treatment course. Methimazole, carbimazole, and propylthiouracil was used in 80%, 7.3%, and 12.7% of patients, respectively. The median follow-up duration was 56.3 months (IQR, 37.0 to 97.3). The median duration of ATD therapy to remission was 15.1 months (IQR, 11.3 to 24.8). During a median of 32.9 months of observation after ATD withdrawal, 19 patients (34.5%) had a relapse of hyperthyroidism.

At the time of diagnosis, almost all patients had positive TRAb level. Conversely, TPOAb or TgAb positivity was not that high. At the time of ATD withdrawal, TRAb titers decreased uniformly overall. Conversely, TPOAb and TgAb showed various changes ([Fig. 1](#F1){ref-type="fig"}).

Clinical and laboratory features associated with relapse of Graves\' disease
----------------------------------------------------------------------------

After withdrawal of ATD, 19 patients (34.5%) experienced relapse. The median duration from ATD withdrawal to relapse was 14.7 months ([Fig. 2](#F2){ref-type="fig"}). [Table 2](#T2){ref-type="table"} shows clinical and laboratory features of patients according to relapse status. [Table 3](#T3){ref-type="table"} shows clinical and laboratory factors associated with GD relapse. There were no clinical features or laboratory results significantly related to relapse. Autoantibody positive status at diagnosis and at ATD withdrawal both had no influence on relapse of GD. Thirteen patients respectively showed increasing TPOAb and TgAb titer during treatment. But increasing antibody titers after treatment with ATD (not applicable for TRAb) did not significantly relate to GD relapse in overall patients (TPOAb: hazard ratio \[HR\], 2.22; 95% CI, 0.75 to 6.64; *P*=0.49) (TgAb: HR, 2.05; 95% CI, 0.65 to 6.53; *P*=0.96) ([Table 3](#T3){ref-type="table"}).

Clinical and laboratory features associated with relapse of Graves\' disease in subjects with positive TPOAb at diagnosis
-------------------------------------------------------------------------------------------------------------------------

In the TPOAb positive group at diagnosis (*n*=38), increased TPOAb and TgAb titer were shown in five and eight patients. Four out of five (increasing TPOAb) and four out of eight (increasing TgAb) experienced recurrence, compared with six out of 23 and five out of 19 in stable or decreased TPOAb and TgAb titer group, respectively. This increased TPOAb (*n*=5) or TgAb (*n*=8) titers after treatment with ATD were significantly related to GD relapse independent of thyroid function and autoantibody status (TPOAb: HR, 17.99; 95% CI, 1.66 to 195.43; *P*=0.02) (TgAb: HR, 5.73; 95% CI, 1.21 to 27.26; *P*=0.03) ([Table 4](#T4){ref-type="table"}). Patients with increasing TPOAb or TgAb titers showed significantly shorter relapse free survival ([Fig. 3](#F3){ref-type="fig"}).

In the TgAb positive group at diagnosis (*n*=34), increased TPOAb (*n*=10) or TgAb (*n*=9) titer after treatment with ATD was not significantly related to GD relapse (TPOAb increase: HR, 2.38; 95% CI, 0.57 to 9.97; *P*=0.24) (TgAb increase: HR, 1.30; 95% CI, 0.31 to 5.50; *P*=0.72).

DISCUSSION
==========

The risk of GD relapse after withdrawal of ATD therapy is highly variable among patients \[[@B6]\]. In patients with high risk of disease recurrence, definitive ablative therapy is recommended. Identification of patients who require definitive therapy at an early stage may be beneficial \[[@B15]\]. Numerous previous studies reported factors that may be associated with risk of hyperthyroidism relapse. These studies mostly focused on the usefulness of TRAb or thyroid stimulating antibody (TSAb) for predicting relapse \[[@B10][@B11]\]. However, the role of TPOAb or TgAb in GD relapse is not well known. This study shows that TPOAb and TgAb do not change uniformly during treatment with ATD. In TPOAb positive patients at diagnosis, increased TPOAb or TgAb titers during treatment might be related to shorter relapse free survival, independent of thyroid function or TRAb change.

The main clinical manifestations of autoimmune thyroid diseases are GD and Hashimoto\'s thyroiditis \[[@B15]\]. Although the presence of TPOAb or TgAb is a hallmark of Hashimoto\'s thyroiditis, both antibodies are also present in many patients with GD \[[@B16]\]. In some previous studies, GD patients with high TPOAb titers had a high relapse rate \[[@B16][@B17][@B18]\]. These studies suggest that in GD, TPOAb may represent a secondary immune process rather than a sign of antibody-dependent cell-mediated cytotoxicity \[[@B16]\]. The immunosuppressive action of ATD was previously reported \[[@B3][@B19]\]. One study reported that during ATD treatment, TPOAb values significantly decreased, as observed with TSAb, but they increased once again after drug withdrawal \[[@B4]\]. Increasing TPOAb titers during ATD therapy, even with decreasing TRAb, could represent greater disease severity and higher likelihood of relapse. Another study reported that patients with well-controlled hyperthyroidism had a greater decrease in TPOAb level than patients who were still hyperthyroid during ATD treatment \[[@B20][@B21]\]. Marcocci et al. \[[@B20]\] also showed that increased TPOAb titer after withdraw of ATD is associated with increased risk of relapse. This may indicate that TSAb increases TPOAb titers by mediating an increase in microsomal antigen \[[@B17][@B21]\]. However, some other studies showed opposite results \[[@B14][@B22][@B23]\]. Those reports showed decreased recurrence or even progression to hypothyroidism after ATD therapy in patients with high TPOAb or TbAb titers. GD may evolve gradually into chronic thyroiditis, leading to hypothyroidism. Another study showed significantly shorter T3 normalization time in the group with higher TPOAb \[[@B24]\]. The discrepancy between studies on the role of TPOAb and TgAb for predicting relapse might be due to several reasons. First, the duration and treatment protocols of ATD therapy differed. Second, the initial autoantibody status was not considered in previous studies.

Relapse of hyperthyroidism is a prominent drawback of ATD therapy \[[@B6]\]. Patients may suffer from repeated recurrence. It is important to identify factors that may be associated with relapse after withdrawal of ATD therapy. Previous studies did not focus on TPOAb or TgAb status or changes regarding disease relapse. In Korea, repeated measurement of TPOAb or TgAb during GD treatment is not recommended because it is not cost-effective. The current study showed new insights into the role of TPOAb or TgAb on GD relapse. These factors might help to guide early ablative treatment for those with very high relapse risk. Our study had an inherent limitation because of its retrospective design. There was no uniform protocol for the titration and duration of ATD treatment. There was a relatively small number of study subjects. Lastly, we did not consider other clinical factors such as smoking status, goiter size, and presence of thyroid-associated ophthalmopathy that might affect disease recurrence.

In summary, we conclude that increase of TPOAb or TgAb titer during ATD therapy, in patients with positive TPOAb at diagnosis, might have a higher likelihood of disease relapse.
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###### Baseline Characteristics
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  Characteristic                    Initial            ATD withdrawal
  --------------------------------- ------------------ ----------------
  Age, yr                           49.7±13.6          
  Female, sex                       39 (70.9)          
  TSH, μIU/mL                       0.01±0.19          1.87±2.87
  Free T4, ng/dL                    3.75±1.94          1.17±0.20
  Total T3, ng/dL                   337.90±144.56      94.21±23.05
  Anti-TSH receptor, IU/L           27.1±25.8          2.4±3.2
  Anti-TSH receptor positivity      50 (96.1)          19 (44.2)
  Anti-microsome (TPO), U/mL        1,181.0±1,415.67   511.5±867.9
  Anti-microsome (TPO) positivity   38 (69.1)          21 (50.0)
  Anti-thyroglobulin, IU/mL         198.8±445.78       147.6±430.2
  Anti-thyroglobulin positivity     34 (63.0)          16 (39.0)

Values are expressed as mean±SD or number (%).

ATD, antithyroid drug; TSH, thyrotropin; T4, thyroxine; T3, triiodothyronine; TPO, thyroid peroxidase.

###### Clinical and Laboratory Features Associated with Relapse of Graves\' Disease
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  Variable                                        Remission group   Relapse group   *P* value
  ----------------------------------------------- ----------------- --------------- -----------
  Number                                          36                19              
  Age, yr                                         47.2±14.0         54.4±11.9       0.06
  Female sex                                      26 (72.2)         13 (68.4)       0.77
  Initial                                                                           
   TSH, μIU/mL                                    0.01±1.20         0.01±1.17       0.90
   Free T4, ng/dL                                 3.44±1.84         4.38±2.03       0.10
   Total T3, ng/dL                                320.0±137.92      371.70±154.66   0.22
   Anti-TSH receptor positivity                   32 (97.0)         18 (94.7)       1.00
   Anti-microsome (TPO) positivity                22 (61.1)         16 (84.2)       0.12
   Anti-thyroglobulin positivity                  22 (61.1)         12 (66.7)       0.77
  At ATD stop                                                                       
   TSH, μIU/mL                                    1.99±3.14         1.65±2.40       0.53
   Free T4, ng/dL                                 1.15±0.23         1.22±0.14       0.21
   Total T3, ng/dL                                94.24±24.51       94.16±20.62     0.99
   Anti-TSH receptor positivity                   12 (40.0)         7 (53.8)        0.51
   Anti-microsome (TPO) positivity                14 (48.3)         7 (53.8)        1.00
   Anti-thyroglobulin positivity                  9 (31.0)          7 (58.3)        0.16
  Antithyroid drug (methimazole or carbimazole)   31 (86.1)         17 (89.5)       1.00

Values are expressed as mean±SD or number (%).

TSH, thyrotropin; T4, thyroxine; T3, triiodothyronine; TPO, thyroid peroxidase; ATD, antithyroid drug.

###### Clinical Features and Changes in Autoantibodies Associated with Relapse of Graves\' Disease
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  Clinical parameter                                 Univariate analysis   
  -------------------------------------------------- --------------------- ------
  Age                                                1.04 (1.00--1.08)     0.07
  Male sex                                           1.08 (0.41--2.85)     0.87
  ATD duration, \>18 mo                              0.95 (0.36--2.49)     0.91
  TFT at diagnosis                                                         
   Free T4                                           1.16 (0.93--1.46)     0.19
   Total T3                                          1.00 (1.00--1.01)     0.32
   TSH                                               1.03 (0.00--425.15)   0.99
  TFT at ATD withdrawal                                                    
   Free T4                                           5.86 (0.35--97.80)    0.22
   Total T3                                          1.01 (0.99--1.04)     0.33
   TSH                                               0.82 (0.27--2.44)     0.72
  Autoantibody status at diagnosis (positive)                              
   TRAb                                              0.68 (0.09--5.15)     0.71
   TPOAb                                             2.47 (0.72--8.49)     0.15
   TgAb                                              1.30 (0.49--3.47)     0.60
  Autoantibody status at ATD withdrawal (positive)                         
   TRAb                                              1.74 (0.59--5.20)     0.32
   TPOAb                                             1.00 (0.34--2.99)     0.99
   TgAb                                              2.11 (0.67--6.67)     0.20
  Autoantibody level changes (increase)                                    
   TPOAb                                             2.22 (0.75--6.64)     0.49
   TgAb                                              2.05 (0.65--6.53)     0.96
  Antithyroid drug (methimazole or r carbimazole)    1.59 (0.37--6.91)     0.53

CI, confidence interval; ATD, antithyroid drug; TFT, thyroid function test; T4, thyroxine; T3, triiodothyronine; TSH, thyrotropin; TRAb, TSH receptor antibody; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody.

###### Clinical Features and Changes in Autoantibodies Associated with Relapse of Graves\' Disease in Initially TPOAb Positive Patients (*n*=38)
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  Clinical parameter                                 Univariate analysis    Multivariate analysis                          
  -------------------------------------------------- ---------------------- ----------------------- ---------------------- ------
  Age                                                1.03 (0.98--1.08)      0.19                    1.10 (0.99--1.23)      0.06
  Male sex                                           0.88 (0.30--2.55)      0.81                    0.61 (0.05--7.13)      0.69
  ATD duration, \>18 mo                              1.35 (0.49--3.73)      0.56                                           
  TFT at diagnosis                                                                                                         
   Free T4                                           1.04 (0.77--1.40)      0.81                                           
   Total T3                                          1.00 (1.00--1.00)      0.47                                           
   TSH                                               0.55 (0.00--248.20)    0.85                                           
  TFT at ATD withdrawal                                                                                                    
   Free T4                                           23.97 (0.99--580.10)   0.05                    0.15 (0.00--88.79)     0.56
   Total T3                                          1.03 (1.00--1.06)      0.07                                           
   TSH                                               0.84 (0.22--3.21)      0.80                                           
  Autoantibody status at diagnosis (positive)                                                                              
   TRAb                                              NA                                                                    
   TPOAb                                             NA                                                                    
   TgAb                                              0.74 (0.26--2.08)      0.57                                           
  Autoantibody status at ATD withdrawal (positive)                                                                         
   TRAb                                              0.97 (0.27--3.44)      0.96                                           
   TPOAb                                             0.76 (0.20--2.95)      0.69                                           
   TgAb                                              1.49 (0.40--5.56)      0.56                                           
  Autoantibody level changes (increase)                                                                                    
   TPOAb                                             3.60 (1.00--12.98)     0.05                    17.99 (1.66--195.43)   0.02
   TgAb                                              4.52 (1.14--17.96)     0.03                    5.73 (1.21--27.26)     0.03
  Antithyroid drug (methimazole or carbimazole)      1.92 (0.43--8.50)      0.39                                           

TPOAb, thyroid peroxidase antibody; CI, confidence interval; ATD, antithyroid drug; TFT, thyroid function test; T4, thyroxine; T3, triiodothyronine; TSH, thyrotropin; TRAb, TSH receptor antibody; TgAb, thyroglobulin antibody.
